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(54)1111^ METHOD FOR CASING A WELLBORE 
(57) Abstract 

Casing (15) is insulted in a well in a folded collapsed coodlUon by uncoiling 
It firom a reel (87). Two strings of tubing (27. 29) uiend continuously duxKJgh the 
collapsed casing. Oneof thestringsoftu^(27)isooQoectBdtoacemettshoe(t9) 
at teh tower end of the casing. An opening tool (31) li kx«ed tbOw the ccmeni shoe 
(19) and includes a piston (33). Tl)e odier string of tubing (29) extends to a pressure 
chamber (35) thai is between the piston (33) and the oeraeM shoe (19), After the 
casing (15) is lowered with a mnning tool to the desired depdi, cement is pumped 
down the first string of tubing (27), which Hows back up the innuhis surrounding 

(he casmg. A liquid is then pumped down the second string of tubing (29) into — ^ ^ 

the pressure chamber (35X causing the piston (33) to poA the conical fcmiing head 
upwanl (38. 39) relative to the cuing (15) and the strings of tubing (27, 29). The 

fonmmg head (38 39) opens die casing (15) frem the collapsed condition into a cyUndrical coafiguraUon TTic runnina tool f55i ^fri.u^ 
the strings of tubing and Oe opening tool (3 1) at the conehkloa of the opening and dcilUng SoS. ^ ^ 




FOR THE nXFOSES OF WFOSthiATlON ONLY 



Codes used to idendfySttiBtputy to the PCToa the finont psges of pMRpMets putiishins huentitional ipplicitions under the PCT. 





Attwdi 


KS 


Spiki 


LS 


Lcsocfao 


SI 


SIOVCBtt 


AM 


Amenift 


n 


PtekDd 


LT 


lihhiitHii 


SK 


Slovakk 


AT 


Aiiicria 


Fit 




LU 


XjoMmhBmg 


SN 


Seocttl 


AU 


Au«nK» 


OA 


Ottioa 


LV 


Uvm 


sz 


Swuiland 


AZ 


AscsMijMi 


GB 


Uokud KiagdMi 


MC 


Mofuteo 


TO 


Chad 


tA 


BoBiia and HcmfcMnu 


OB 




MD 


Republic of Moldovi 


TC 


To|o 


BB 

BE 


BaMot 


GH 


Ghau 


MG 




TJ 


TajlkuiM 
Tttriuncatstao 




GN 


Guinei 


MK 


The former Yifnliv 


TM 


BF 


Buikin Kmo 


GR 


Onec* 




lUpubikorMMdDiat 


TR 


-Mey 


BG 


BvlpiU 


HU 




Ml. 


Mtti 


TT 


Trinidad andTotefo 


•J 


Bah 


m 




MN 


Mooiolii 


UA 


Uknioe 


BR 


BmS 


IL 


kiHl 


MR 


MMititmu 


UG 


Uganda 


BY 


BeW« 


IS 




MW 




US 


linked Sua of Ancrki 


CA 




IT 




MX 


MaicD 


uz 


UkbekkUB 


CF 


Cencial Africn Riiwblk 


JP 




MB 


Nifer 

NedKfttuds 


VN 


Viet Nim 


CG 




KS 


Kaoyi 


NL 


YU 


Yufottavia 


CH 


Swinertand 


KG 


KimyaiM 


NO 




rw 


Zimbabwe 


Ct 




KF 


Donocmic Psopla'a 


NZ 








CM 






BcimUc of Kflvta 


PL 


rated 






CN 




KR 


RepoUic of Kiom 


FT 


Ponufil 
Raswnii 






CU 


cute 


KZ 




RO 






CZ 


Oecfa Rqwblie 


LC 




RU 


RuMM ivdemiM 






OB 


Ccnniny 


U 




SD 


Suda 






DK 




LK 


SritnU 


SB 


Sw«dea 






EE 




LB 


Uberit 


bG 









wo 98117957 



FCT/IB97AW994 



METHOD FOR CASING A WELLBORE 

Technical Field 

This invention relates in general to installing well casing in oil and gas 
wells and in particular to a method involving fabricating and collapsing casing, running 
5 the col\3psed casing into the well and opening the casing into a cylindrical 
configuration. 

Background Art 

Oil and gas wells are typically drilled by installing a conductor pipe to first 
10 depth, then drilling the well to a second depth. A string of casing is nriade up by 
coupling together sections of pipc» each being about forty feet long and lowering it 
inside the conductor pipe in a nested arrangement. Cement is then pumped down the 
casing which flows back up the annulus between the casing and the open borehole. 
Drilling is resumed to a third depth and the process is repeated with another smaller 
lb diameter nested casing. An even smaller diameter string of casing may be installed at a 
fourth depth. 

These casings serve to support the borehole wall and to prevent undesired 
outflow of drilling fluid into the formation or inflow of fluid from the formation into 
the borehole from strata other than the target production strata The nested 

20 arrangement requires a relative large borehole at the upper part of the wellbore due to 
the thickness of casing couplings and also due to the minimum clearance necessary 
between casing to displace cement in the annulus space. 

Larger borehole are more costly to drill since they require larger drill bits, more 
mud, and more cuttings disposal. Also, a larger diameter pipe has a lower pressure 

25 rating for the same wall thickness than a smaller diameter pipe, in consequence the 
casing have to cover the previous one up to the wellhead to enhance the pressure 
capability as the well goes deeper. Also conventional casing requires a derrick to 
make-up the pipe sections and lower the casing string into the well. Derricks are big 
and costly to move, and mnning casing in forty foot section is time consuming. 

30 Liners are enqsloyed in some wells. A liner is sunilar to a casing, howevo-, 

rather than extending completely to the surface wellhead, the upper end of the liner is 
su^ended on the lower end of the previous string. Liners still must be run by making- 
up pipe sections together and are employed usually to extend in limited lengths from 
only the smallest diameter full length casbg installed. 

35 Coil tubing Hints pennit one to rapidly run a continuous metallic tubing into a 

well. The tubing is plastically coiled on large reels. A pushing mechanism straightens 
up the tubing and lowers it into the well as it is uncoilal fi^m the reel Coil tubing is 
used to circulate fluida into wells for various purposes. However, it is seldom used to 
serve as casing due to its small diameter. Coil tubing is smaller in diameter than 

40 typical casing, which have usually a minimum diameter of five inches. It would require 
a large reel to be able to coil several thousand feet of metallic casing of five inches in 
diameter or larger. 

Disclosure of Invention 
45 In this invention, a metal strip plate is formed in a generally tubular 

configuration, and welded longitudinally with at least one string of continuous tubing 
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inserted during the manufacturing process. Alternatively circular pipe sections about 
forty feet long are welded together and strings of tubing are threaded inside The 
casing is then collapsed with the tubing located therein and wound on a small reel due 
to Its small height by comparison to its nominal diameter The upper and lower end 
5 portions of the casmgs arc generally formed in a somewhat cylindrical configuration 
An opemng tool is located in the lower end cylindrical portion. The opening tool has a 
piston and a corneal forming head located above the piston. A pressure chamber is 
created below the piston in the lower end portion of the casing. 

The casing is deployed from the reel and folded in a horseshoe shape prior to 

10 entering the well. When the casing has reached the proper depth, a fluid is pumped 
xu'^^ .1 *^ P^^5"«= <^l»™ber to open the casing into a cylindrical shape 

The fluid pressure acts against the piston to push the opening tool upward This 
causes the head of the opening tool to form the casing from the coMapscd/folded 
configuration into a cylindrical configuration. The forming tool and the tubing are 

15 then pulled from the casing. 

Preferably, two strings of tubing are installed in the casing while it is being 
manufactured. One of the strings of tubing serves to pump a cement slurry down 
through a cement shoe located at the lower end of the casing. The cement flows back 
up the annulus surrounding the casmg to cement the casing in place. Then fluid U 

20 pumped down the other string of tubing to open the casing. 

Also after the opening tool reaches the upper end of the casing, a forging tool 
IS used to expand the upper end cylindrical portion of the casing into a metaJ to metal 
sealing engagement with the lower end of the previously cased section of the well. In 
the preferred embodiment, this involves releasing the mnning tool from the upper end 

25 of the casing after the collapsed portion of the casing has been expanded, then 
lowering the forging tool located above the running tool into the casing. Fluid is then 
pumped down to radially fonge the upper end of the casing into engagement with the 
lower end of the previous one. 

The opening tool includes a forming head with a conical body with flutes. 

30 Balls roll along the flutes in rolling engagemem with the casing wall as it is being open 
to a cyhndrical configuration. The balls force the opemng of the casing as they roll 
along the flutes. The balls roll from the flutes into a lower ball passage, an axial 
passage, into an upper passage, and back into the flutes in a continuous cycle. 
Alternatively, the forming head comprises a conical body with thin dual conical 

35 segments to increase the forming head diameter 

Brief Descriptiff p of Drawiry gs 

Figures lA-lD comprise a vertical sectional view of an assembly for caang a 
well, including a collapsed string of casing being installed in a well along with a 
4 0 ninnmg tool and an opening tool. 

Figure 2 is a cross sectional view of a portion of the running tool of the 
assembly of Figures 1 A-ID, taken along the line 2-2 of Figure IB. 

Figure 3 A is a sectional view of another portion of the runnnig tool of the 
assembly of Figures I A-ID, taken along the line 3-3 of Rgure IB. 
45 Figure 30 is another sectional view of the running tool taken along the line 3-3 

of Rgure IB, but showing the running tool shifted to a released position. 
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Figure 4 is a sectional view of an intcnncdiate portion of the casing of the 
assembly of Figure 1, taken along the line 4-4 of Figure IB. 

Figure 5 is a sectional view of a portion of the opening tool of the assembly of 
Figure IC, taken along the line of 5-5 of Figure IC. 
5 Figure 6 is another sectional view of a portion of the opening tool of Figure 

IC, taken along the line 6-6 of Figure IC. 

Figure 7 is a sectional view of the cement shoe of Figure ID, taken along the 
line 7-7 of Figure ID. 

Figures 8 A and 8B comprise a sectional view of a portion of the assembly of 
10 Figure 1, shown after cementing and during the opening of the imermediate portion of 
the casing. 

Figure 9 is a sectional view of the assembly of Figure 8A, taken along the tine 
9-9 of Figure 8A. 

Figure 10 is a sectional view of the assembly of Figure 8A, taken along the Une 
15 10-10 of Figure 8A. 

Figure 1 1 is a sectional view of the assembly of Figure 8B, taken atong the line 
11-11 of Figure 8B. 

Figure 12 is a sectional view of the forging packers of the assembly of Figure 
I A, shown lowered into the upper end portion of the casing and in the process of 
20 forging the upper end portion of the casing into sealing and locking engagement with 
the lower end of the upper cased section. 

Figure 13 is a sectional view of one of the forging packers of Figure 12, taken 
along the line 13-13 of Figure 12. 

Figure 14 is a sectional view of the well of Figures 1 A-ID, shown after the 
25 casing has been set and the installation apparatus retrieved. 

Figure 15 is a schematic sectional view illustrating a step in manufacturing the 
collapsible casing of Figures 1 A-ID. 

Figure 16 is another schematic sectional view of the casing of Figure lA-ID, 
showing the addition of an outer layer in the case of a multiple layer casing 
30 Figure 17 is another schematic sectional view of the casing of Figure 16. 

showing the welding of the additional layer. 

Figure 18 is a sectional view illustrating one of the end portions of the casing 
of Figures 1 A-ID with a dual layer configuration. 

Figure 19 is a schematic view ilhistrating the collapsed casing of Figures 1 A- 
35 ID be'mg uncoiled fi-om a reel, folded in a horse shoe shape and lowered into a well. 

Figure 20 is a flattened sectional view of the casing of Figure 19. shown along 
the line 20-20 of Figure 19. 

Figure 21 is a folded sectional view of the casing of Figure 19. shown along 
the line 21-21 of Figure 19. 
40 Figure 22 is a schematic view illustrating valves for controlling the flow of 

fluids to the installation apparatus of Figures 1 A- ID. 

Figure 23 and 24 are isometric views illustrating an alternative design for the 
opening tool inchiding expander segments. 

45 Best Mode for Carmng Out the Invention 

Referring to Figures 1 A-ID, die well ilhistrated has a cased section 1 1 which 
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has already been cemented in place and an pen hole section 13 which extends below 
cased section 11 to the target depth. A continuous string of casing 15 according to 
the invention is shown in place in th well with a 1 wer end portion 15a at the lower 
end of the well open hole section 13. Casing 15 has an intermediate portion 15b that 
5 extends from the lower end portion upward, typically several thousand feet, to an 
upper end portion 15c. Upper end portion 15c overlaps the lower portion of cased 
secuon II. Casmg lower and upper end portions 15a, I5c each are somewhat 
cylmdncal with axially extending corrugations 17 as shown in Figure 5. Cormgations 
17 are straight axially extending channels on both the inner and outer diameters of 
10 casing, providmg inward protniding valleys 17a alternating with outward protruding 
peaks 17b. Intermediate portion 15b. shown in Figure 4. is collapsed and folded 
having a bight 18 that curves inward and touches the opposite side, which is generally 
arcuate when lowered into the wdlbore. 

Referring to Figure ID, a cement shoe 19 is located at the lower end of casing 
15 lower end portion 15a. Cement shoe 19 provides a end cap for casing 15 and is made 
of drillable material with a cementing port 20 extending axially through it. A metal 
stinger 21 engages sealingly into the upper portion of cementing port 20. Stinger 21 is 
a tubular member having a conduit 23 for pumping down a cement slurry through 
cementing port 20 which flow back up the anrailus space surrounding the casing 15, as 
20 indicated by the arrows. Stinger 21 has also some flow ports 25 which are isolated 
from conduit 23 and lead to the exterior of stinger 21. 

A cement slurry tubing 27 extends continuously through casing 15, and has its 
lower end coupled to stinger 21 for connecting with conduit 23. Similarly, a fill-up 
tiibing 29 extends continuously through casing 15 and has its lower end coupled to 
25 stinger 21 for delivering fluid to ports 25. Tubing strings 27, 29 are, conventional 
metal coiled tubing suings of about one inch in diameter. 

An opening tool 3 1 is housed in casing lower end portion 1 5a, shown in Figure 
IC, above stinger 21. Opening tool 3 1 includes on its lower end a piston 33. Piston 
33 is an dastraieric cup sliding seal, which has straight axially extending grooves on 
30 its exterior for meshing with the corrugations 17 of casing lower end portion 15a. 
Piston 33 has a packing element 33a to seal around tubing strings 27, 29. A pressure 
chamber 35 is tocated m the space surrounding stinger 21 above cement shoe 19 and 
below piston 33. In the running-in position, as shown in Figure ID. pressure chamber 
35 is at its minimum volume. A cylindrical meul piston head 37 extends upward from 
35 piston 33. Piston head 37 is engaging a sleeve 48 which a smaller outer diameter than 
the mner diameter of casing lower end portion 1 5a at valleys 17a, 

Opening tool 31 has a tapered or conical forming head 39 that tapers from a 
smaller diameter upper end to a larger diameter at lower end. Head 39 has vertical 
flutes 41 which align with vallqrs 17a, as shown in Rgurc 5. A pluralhy of balls 43 
4 0 roll down flutes 4 1 of head 39, BaDs 43 are movable through two axial passages 45, a 
plurality of lower lateral passages 47, and a plurality of upper lateral passages 49. 
Piston head 37 initially is in a lower portion within a sleeve 48 of head 39, providing a 
chamber for a number of balls 43 as shown in Figure IC. When piston head 37 is 
pushed upward, until it will enter in contaa with a flange 50 of head 39 as shown in 
45 Figure 8A, it will push the balls 43 upward through axial passages 45. Balls 43 move 
outward on upptr bail passages 49, down flutes 41, and back inwani m lower ball 
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passages 47 to axial passages 45 in a continuous cyd as body 39 moves upward in 
casing 15. 

Referring again to Figure IC. opening tool 31 has a cylindrical top end 51 
which has an outer diameter equal to the minimum inner diameter of casing lower end 
5 portion 15a, which is measured at valleys 1 7a. Balls 43 will engage valleys 17a when 
contained in flutes 41 and bend the casing wall to line up with expanded peaks 17b 
While at the upper end of flutes 41, the diameter from one baU 43 to an opposite baJ! 
43 is substantially equal to the diameter between valleys 17a. When balls 43 are at the 
lower ends of flutes 4 1 . as shown in Figure 8 A, the outer diameter of forming tool 3 1 
10 measured from one ball 43 to an opposite bail 43 at the lower ends of flute 41 is 
greater than the minimum inner diameter of casing lower end portion 15c 
Consequently, balls 43 push valleys 17a outward to open, in a smooth circular 
configuration, the upper end of casing lower portion 15a as opening tool 31 moves 
upward. 

15 Due to the relative stifl&iess of the casing metal wall, the intermediate portion 

15b IS opened from its folded configuration ahead of the opening tool 31, and the 
contact between the inner wall and the opening tool 31 is made only by the balls 43 
rolling on flutes 41 of the conical forming head 39. 

Referring to Figure IB, a running tool 55 is located at the top of casing upper 

20 end portion 15c. Running tool 55 is a tubular member which has an outer sleeve 56. 
The exterior of outer sleeve 56 has vertical grooves 58 between vertical bands 58a. 
Outer sleeve has a set of threads on bands 58a which engages a mating set of threads 
57 formed on valleys 17a in the upper inside end of casing upper end portion 15c. 
Because of corrugations 17 and grooves 58, threads 57 will be discontinuous and 

2 5 located only on the valleys 1 7a. 

Outer sleeve 56 is supported by an inner body 59, which has a smooth 
cylindrical exterior. Outer sleeve 56 has a J-pin 61 that protrudes inwardly into an 
elongated U-shaped J-sIot 63 formed in outer body 59. J-slot 63 has a first leg 63a 
and a parallel second leg 63a joined at the bottom. During running-in of casing 15, J- 

30 pin 61 win be at the upper end of the first leg 63a and maintained in this position by 
the weight of the casing 1 5 hanging on the running string connected to the inner body 
59. After caang imermediate portion 15b has been opened, the weight of the casing 
15 is supported by the numerous contacts witli the inner wall of the borehole. After 
opening has been completed, the operator will lower the running string 72, which 

35 lowers the inner body 59 relative to outer sleeve 56. Subsequently, the operator will 
pick up the ninning string 72 to place the J-pin 61 in the second leg 63b. This causes 
sleeve 56 to rotate an increment, as shown by the arrow in Figure 3B, disengaging the 
threads on outer sleeve 56 torn threads 57. Bands 58a on outer sleeve 56 align with 
peaks 17b. aUowing rumuQg tool 55 to be lowered into ca«ng upper end portion 15c. 

4 0 RuniMtg tool 55 has 8 main supply passage 64 connected to the passage in the 

lower part of packer string 69 which extends into inner body 59, A cement slurry 
passage 65 (Rg. 3A) connected to tubing string 27 is kx^ed in running tool 55 and 
can be connected to the lower end of main supply passage 64. Similariy, a fill-up 
passage 67 connected to tubing string 29 can be connected to the lower end of main 

45 supply passage 64.. 

Inner body 59 of nmning tool 55 is connected to the packer string 69 by 
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threads. The upper part of packer string 69 features a centralizer 70. Two or more 
forging Pa<*« 71 are mounted on the packer string 69 between centralizer 70 and 
uuier body 59. Forgmg packers 71. when supplied with high internal pressure from a 
down hole pressure multiplicator (not shown), will inflate and radiaUy expand to 
plastically forge the upper end of casing upper end portion 1 5c. as shown In Figure 1 2 
Hydraulic passages 73. extending through packer string 69. can be connccTed via 
pressure multiphcator to lower end of main supply passage 64 within nim^„g ^ol 
inner body 59. Paker stnng 69 is connected at centralizer 70 to a the mnning srtng 72 
which extends to the surface. Preferably, running string 72 is another strinf of colled 
luAmg approximately two inches in diameter. Packers 71 have external Zl groovy 
74 whK* vnU ahgn with valleys 17a of casing upper end portion 15c when pj^7\ 
are lowered mto upper end portion 15c with the centralizer 70 landed on top of die 
casing 1 5c as shown in IHgure 12. 

I Tc*S™ J ^ ^'^"^ 22. in the preferred embodiment, electrically actuated 
valves 75, 77 and 79 are mounted in running tool inner body 59 (Fig IB) Valve 75 is 
m slurry passage 65 and opens and closes flow to tubing 27. Valve 77 is in openins 
fluid passage 67 for opening and closing flow from main supply passage 64 to tiAing 
29. Valve 79 is tn pressure passage 73 for opening and closing pressure fluid from 
mam aipply passage 64 to forgmg packers 71 (Fig. 1 A). Electrical valve control wires 
(not shows) extend through coiled running string 72 to the surface to a control panel 
A small accumulator (not shown) supplies hydraulic fluid to valves 73, 77 79 to open 
and close them when electrically actuated. Pumps 80 on the surface, which couJd be 
other cement or mud pumps are used for delivering pressure fluid down main suddIv 
passage 64. 

Referring now to Figure 15. casing 15 is fabricated by drawing a first metal 
stnp 81 from a reel and bending two edges down around two laterally spaced apart 
paiBllel continuous striiigs of coil tubing 27. 29. As shown in Figure 16. the edgw are 
bent over and welded at seam 82. The upper side is bent into a concave shape 
touching seam 82, whfle the lower side is flat. Then, a second strip 83 is drawn from a 
red and bent to have upturned edges. As shown in Figure 17, second strip 83 is then 
bent by rollers around first strip 81 while first strip 81 is in the configuration shown in 
Figure 16. Rollers then bend the upper side of strip 83 into a concave shape as shown 
m Figure 20. Casing 15 thus is douWc-walled and has a fiat side 85 that extends 
between parallel tubing strings 27. 29. generally tangent to outer diameter portions of 
tubing strings 27, 29. 

The use of two walls for casing 1 5 reduces the amount of strain that would 
otherwise occur during opening pUstic deformation whh a single waU casing having 
the same total thickness. Three or more wafl casings might be desirable in certain 
cases. Ca^ made of multiple wall needs good fiicdon betweot the wall to resist 
external pressure. Known friction enhancing techniques such as surface stampnig, 
surface treatment or coatii^ are desirable to offer adequate external pressure 
capabiUty when open. Also the ciicumference of the external wall can be made slightly 
smaUer than the previous one to offer adequate frettiiu of the wall when caans is 
open. * 

Casing 15 will be coiled on a reel 87 (Fig. 19) while in the configuration shown 
in Figure 20. Reel 87 is a large member capable of holding up to 5000 feet of caang 
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15 which has a 5-1/2 inch «temai diameter when expanded to a cvhndrical 
configuraaon. Figure 18 illustrates comigations 17 which are fonn^ onSS^ 
upper and lower end portions 15c. 15a (Fm IB ID^ hv « ^ 
operation. ^ upper ^d lower end potties '-fsc 'l's J 

^though comigated. The straight upper and lower end portions' sHsa^lTt 
few feet in length and are not wound on reel 87 during transDor^ation^rfk! 
manufacturing plant to the well site. ^ transportation from the 

fire, ™« Jit ''f '5 from reel 87. casing inteimediate portion 15b will 

Fj^«20tothefoldedcol^sedcoW^^^^ 

18 and po«Uons tubing stnngs 27. 29 closer toward each other. TTie maxiiSm S 
of casmg intermediate portion 15b in the rounded coUapsed configuralionTpS 
21. B less tlum the inner diameter of cased section II (FiJ. lA). T^^^JS. 

ISL u^^'^'''^"^'^''^''''°^'^'^'«^ AssociatSvSththe 
folttag rolle« 89. a gnpping and pushing mechanism 91 is employed Se fold »^ 

pushjng mechamsm 91 is constructed generally as in a com^entionLS^hibSj 3 

mechamsms It gnps casing 15 without defonnation. pulls k from red 87 and roVhS 

inoS^Jr' "^f"^ 21. resists thel" pS 

apphed by gnppmg and pushing mechanism 91 while being pushed into the well 

Dunng mstaUation. casing 15 will be uncoiled from reel 87 and pudied by 
mechanism 91 mto the well until cemem shoe 19 is dose to the bottom of open hde 
«cdon 13. The length of casing 15 will be previously selected so that the upper Z 
of portion 15c emends into cased section II (Fig. IB), overlapping it^er a 
substantud length. Valves 77. 79 are closed and valve 75 (F^ 22) is 
Ptrnip 80 pumps a cement sluny 92 (Fig. 9) down the piss^ge H 65^^^ 
vdve 75 and down cement riurry tubing 27. As shown'^ ar^ws ^^clS, 
S^gS fr up the anouh^ sp«:; 

v«h « ^ of cement will be pumped based on an estimate of the total 

voh«ne of the ammlus ^ if casing 15 had already been opened to the cylindrical 

SSfr- or horeeshoe configumtion of casii« 

mtermediate portion I5b. a much greater annulus volume initially will be presem 
around casing intoinediate portion 15b. as shown m Figure 9. facilitating circuUtion 
Cons«|uemly. mitially, cement 92 will normally not completely fill the annuhis to the 
top of caang uppt^ portion 15c. During the pumping of cement, dispUced drilling 
fluid, or retunis. wJI flow up the corrugations 17 of the casing upper aid section 15c 
"'"''^^"^8 tool 55 flow by ports 60. The returns itow up 
to^suriS^^ """^ surrounding lumiing string 72 

fl. P"f™P»n8 the calculated vohime of cement slurry, a selected volume of 

flushing fluid will be pumped down cement sluny tubing 27. The volume is selected to 
be just the amount needed to push cement shiny from conduH 72, tubmg 27 and 
stinga 21 uito the open borehole, but substantially no more. The valve 75 is then 
closed and vaht 77 is open. Drilling fluid is pumped down conduit 72, which flows 
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through passages 64. 67 and down fill-up tubing 29. The fluid fl ws out ports 25 into 
pressur chamber 35. shown in Figure ID. Hwns^juno 
As shown in Figure 8B. the fluid pushes upward on piston 33. which slides 
upward relatn«5 to tubmg strings 27. 29 Piston head 37 pushes ball 43Tom S 
5 space m sleeve 48 upward mto passages 45. as can be seen by comparing FigCr" D 
with Figure 8A. Once in contact with flange 50. the force exmed iJ^nTeid 37 
begins to push the opening tool 31 upward while tubing strings 27 29 XJin 
stauonary Due to the engagement of balls 43 with head 39 and casine lower end 
portion 15a, baUs 43 are fo«:ed to roll down the inclined flutes 41. pu^SSg ^^^^1^ 

" i"rs;:nirnr5r~""^^^'^^-^-'--^'^^ 

mtennediate portion 15b. Balls 43 will open casing ftom the cSSJsed foideS 
15 configuration of Figure 9 to the cylindrical configuration of Figure 10 During the 
casing expansion process, the annulus surrounding casing intermediate portion 15b 
decreases, pushing cement sluny 92 upward, and returns will flow up into the channel 
H»aces ^tween comigations 17 of casing upper end portion I5c and cased section 1 1 
Some of the cement slurry 92 will flow out above running tool 55 to insure a proper 
20 seal between casings when they will be later forged together. As foiming tool 31 
moves upward, the volume of pressure chamber 35 increases. This pi^ will 
cominue for the entire length of the casing which could exceed several thousand feet 

• . u^n^'^' ^' '""^ "*'"8 "PPcr end portion I5c. At this 

point, balls 43 will push outward on valleys 17a to round the corrugated configuration 
7 into a cylindncal configuration in the same manner as at casing lower end portion 
15a. Forming tool 31 will evemually contact the lower end of running tool 55 which 
protrudes a short distance into casing upper end portion 1 5c, shown in Figure IB 

The ninning tool 55 wiU be released from threads 57 by letting tunning string 
72 go down a short distance, then pulling upward. While lowering, tubing strings 27 
29 will spiral sUghdy along their lengths to accommodate the compression The 
dowmOTid movement of inner body 59 relative to outer sleeve 56 causes J-pin 61 to 
move from first leg 63a to second leg 63b. When this occurs, an incremental amount 
of rotauon of sleeve 56 occurs relative to inner body 59. This o)tation. as illustrated in 
Figure 3B, causes threads 57 to disengage from the threads on sleeve 56. releasing 
35 running tool 55 from casing upper end portion 15c Grooves 58 on outer sleeve 56 
will now be aligned with valleys 17a. 

The operator then again drop ninning string 72 to place foigmg packers 71 
wthin casing upper end portion 15c as shown in Figure 12. Because of the alignment 
of aaal external grooves 58 and external grooves 74 (Figs. 1 A, IB) with conugations 
40 17, outer sleeve 56 and packers 71 will pass downward within casing upper end 
portion 15c. Centralizer 70 is closely spaced to the inner diameter of cased section 1 1 
and will land on the upper edge of casing upper end portion 15c. Valve 77 is now 
dosed and valve 79 open (Fig. 22). Pressurized fluid is supplied with mud pump 80 
through runnmg string 72. This pressure which wfll be multiplied by a known pressure 
45 muhipHer, causes the forging packers 71 to inflate and plastwally defoim a portion of 
upper end portion 15c out into a tight gripping and sealing engagement with cased 
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section II. 

The fluid prwsure is tlicn Med off to ailow forging pacicers 71 to retract The 
running «nng 72 « hfted to puM up running tool 55. Tubing strings 27. 29 mov^ 
upward al ng with stmger 21 and pening tool 3 1 . The enL ass^fy is p^lj^^ 

^tall«K,n apparatus. Casing hydrostatic pressure tests can then be done ag^s the 
shoe and dnllmg can resume just after Also. Figure 14 shows that cased Son 1 1 
my be of a continuous expandable type installed as a liner to another cased section 
93. Cased section 93 is shown to again be an expandable type installed in A™ 
jumner as descnbed and located within a conductor 95 thatUthreadedl a welS 

• r ^fuf alternative design for the opening tool 3 1 where 

m heu of balls on incUned flutes which circulate in a cycle, expander dL c^iSS 
«gmenu 34 and 36 dide downward from an upper retiSted poSn (Rg. 23^1 

SZn^'S?^ ^"^T '^Sainst a shoulS:r 38a Jocfted at iiS 

bottom of the corneal forming head 38. The segments 34 comprises a main segment 
34a shdmg along a retaiiung guide 38b attached on the conical forming headTSn 
both sides of segment 34a, two segments 34b are hinged. Segments 36 wWcS 
complete the expanding ring 30 (Fig. 24) slide on its own retaitu^ 38c 
attached on the corneal forming head 38. A stabilizer 38d is attached on the top of the 
conical formmg head 38 to prevent contact between the segments and the ID of the 

stabihzer 38d bend when the tool is pumped up allowing the segments to contaa the 
casing mtemal surface. The dual conical segments 34a, 34b and 36 can be madeVf 

oSng'S"*' °' *° ""^ °P*^ ^ 

The piston 33 g^ig. 23) is an dastomeric cup sliding seal with straight axially 
extendmg groove to fit the corrugated end straight section of the caJng whiiA 
comprise two parts: a metal support washer 33b which is conugated and boiled to a 
elastomoic packing element 33c and a lip type seal 33d. Figure 24 illustrates the 
deformation of the piston 33 with the support washer i3b being flattened up and 
el^nc parts 33c «ul 33d dcfonned to cylindrical extendi su^rfeces by the flSd 

.._ invention has significant advantages. As can be seen in Figure 14. the 

difierence m the mner diameters of one cased section to the next upward cased section 
«s no greater than the wall thickness of the lower cased section This reduces 

monodttmeter driHing. It aUows a smaller cased section at the top of the well for a 
gtv«, bottom diameter and depth than prior art wells. Monodiameter drilling allows 
smaller bi s. less mud. I<m cuttings to be disposed of. and less cement to acWeve the 
same final sae weU. Th« method allows one to have shorter «>d more different 
diam«er «nngs than m the prior art. The method can be performed without the need 
for a hoisU^B mast if dnUing is done by turbine driven drill bit on coUed tubing 

«n„»rJ^fi.*** 'H^"^ '•'^^ ""Jy ofiw fonns. it should be 
apparent to those slofled m the art that it is not so limited, but is susceptible to various 
changes without departing from the scope of the invemion. For example; rather than 
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coiled tubing niniung stnng 72, if a hoisting mast is available, conventional drill «oe 
may be used In Aat event, rather than electrically actuated valves, the vTnrcaTte 
accon,phsh«^ by balk or dans down the conduit 64 to selectively close^TopM tte 
passages. Also, rather than elastomeric packen, for expandmg the casing upTerS 
portion, other pressure actuated n«sul radially expandable members may be wpTo^ 
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Claims 

I . An apparatus f r casing a well, the improvement chanctenzed by the combination of 
a contouous metal casing (15) that is wound onto a reel (87) imo a generally 
collapsed configuration (Fig. 20); ^ ^ 

deploying means (Fig. 19) for deploying the casing from the reel into the well; 



and 



opening means to open in-situs the continuous metal casing from the collapsed 
configuration mto a cylindrical configuration. wwwpseo 

nS^^n^ V* ~'"P~"'8 a piston (33). a conical forming head (38. 39). above tte 
SL^Sl"; t'T*. ^« (35) between a closed end J he piston 

to«ted « . dosed sti^ght end portion of the casing that is generally cylindri<L^ 
n?^n „ .fhT"* ' ^"^ -nto the pressure chamber, which acts agakst the pi«^ 
(33) to push the openmg tool inside the continuous metal casing (15) causing the 
corneal fonrung head (38. 39) to radially open the continuous metS cJng (15^ from 
the collqjsedconfiguiatton mto a cylindrical configuration. / 

LII^A".!!"^*"' *"°.r*'"* '° 1^"" ^' ^'"^Sht end portion of the 

casmg (15) has axiaUy extending corrugations (17) having a maLwm radial 
not exceedmg the radial dimension of the casing (15) in the cylindrical 

oo^?' ""FZ^^ T^''""^ ^ «• « one string of tubing 

('^•> 

5. The apparatus according to daim 4. wherein the opening tool (31) is located in a 

<^5*> ^»»' *« P««"™ chamber (35) bdow it 
and the fluid is pumped down the string of tubing (29) into the pressure dumber (35) 

actmg against the piston (33) to push the opening tool (31) upward. 

6. The apparatus according to claim 4. wherein there are means for pumping a 
cenrient slurry down the tubing (27), whidi flows bade up an annulus sunoundSg the 

J 3 casing. ^ 

7^ T^e apparatus accordiiig to daim 2. wherein there are means on the opening tool 
CJl) for engagmg the collapsed portion of the casing in rolling contact (43) as the 
openmg tool bends the casing wall into the generally cyiindrical configuration. 

8_ The apparatus according to daim 2. wherein there are means on the opening tool 
(3 1) for incteasmg the diameter of the conical forming head (38. 39). 

9. The apparatus according to daim 8. wherein the means to increase the diameter of 
he corneal forimng head (38) are expander dual cone conical segments (34a, 34b 36) 
located in a retracted position and are staggered further up and in contact witil the 



40 



45 



WOW07957 



- 12 - 



rcT/IB97/00994 



10 



15 



20 



25 



30 



35 



40 



45 



conical forming head (38). 

10. The apparatus according to claim 9, wherein external surfkci,* nf .u. • , 
segments (34a, 34b, 36) are ceramic. ^^"^ "^^^ 

r^T^^r''^''''"^^ "^''"^ ^'^^^^•'^ ^^^^^ ^« ^sing (15) is on the reel 

(87 . the casmg has a generally flattened configuration rPic 20^ «nH k f 
deploying means (Fig. 19) also comprises bendir m^s fo^^ bend.^^r "5 

13. The apparatus according to claim 1 . wherein there are 

a S toolTss? °' ^ • « 

the casi!.?^'* ^"^ "PP" portion of 

ca«„g in'r^J ""^ ^ string (72) for lowering the 

'J«'*J«^''j«'n«ansrdeasii« the running tool (55) from the upper end of the 

14. The apparatus according to claim 13, wherein there are- 

«-«n k'* "^"^ ^'^^'^'''S (29) located inside the casing and the openine tool 

piston has seahng means (33a) around the tubing ^ 

tool; '"*™^°''^8»^"PP«'«»''«f»''estringoftubing(27. 29) to the rumring 
means to retain the opening tool on the string of mbing; 

^^j^^" '?'«»«ng the running tool (55) from the upper end of the 

Tow** ^'2). the opening tool (31) aJi« srtng of 

tubmg (27. 29) after the casing has been opened i«o cylindrical configuiatioJ . * 

n n^J^""^ **if°"'"« *° has an upper cased section 

(11). and whcrem the apparatus further comprises means (71. 7^ for^aSl 

i^c?n^r.^(rs«:^^^ - 
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18. The apparatus according to claim 1. wherein there are: 
first and second strings of tubing (27. 29); 

a continuous metal casing (15) having an intermediate ponion (15b) formed in 
a generally flattened configuration (fig. 20) with the first and second irini Xwna 
contained therein and laterally spaced apart; ^ of tubmg 

the casing having a generaUy cylindrical lower end portion ( 1 5a) 
an opening tool (31) located in the lower end portion which a piston (33) 
and a conical formrag head (38, 39); 

a cement shoe (19) at the lower end ponion below the piston (33) which can 
be made m communication with at least one string of tubing (27) • 

„i«n„n-,?'"rK ^^^^ ™<* P*"^^" °f 'he casing below the 

pmon (33) and above tht cement shoe (19). and which can be made in coLSLo^ 
at least one stnng of tubing (29); wuununicanon 

. H ™'^"! '° ^'^ "PP*^ ^ POrtio" of the casing, the first 

Sin^ JT?."1^?? ""^"S "PP»' ^hich terminate at tS 

ninmng tool (55); the runmng tool (55) being secured to a ruraiing string (72) Z 
loving the runnmg tool (55) and the upper end portion of the caLg (15c) in Z 
Snl'ofT -termediate portion (I5b) and tii lowj"^ 

portion of the casmg (15a) m the open hole section of the well (13) 

^77^ '^"^ 1!^ """P*"*^ "^^"^ one «ring of uibing 

(27) and out the cemem shoe to return up the annulus surrounding the casing 

no^ ■ . .'u ''"'""'"^ pumping a fluid down at least one string of tubing 

t^ 'A n "'T"^ chamber, which acts against the piston (33) to push L openinf 
tool (31) upward relaUve to the casing (15) and the string of tubing causincih! 

mto a cylindrical configuration; and *^ 

c»«„» !^ "^"8 *e "PPer e"d Portion of the 

«smg (15c) and remev,ng the tunning tool (55) . the opening tool (31) and the first 

n S>T ^^l ^ intermediate portion of the «iS 

(I5b) has been opened into the cylindrical configuration. 

1 9. A method for casing in a wellbore. compriang 

a reel (J^J'"'^ * conti^ous metal tubular casing (15) and winding the casing onto 

lowering the casing fiom the reel into the well (Fig 1 9) and 
configu^'o^"* ^ ^^^^ ^ """^ configumion into a cylindrical 

20. A method according to claim 1 9, further comprising 

placing at l«ist one string of tubing (27) into the metal tubular casmg prior of 
coUapsing and wmdmg the metal tubular casing onto a reel (87) 
ni-«- n^l^ " opening tool (3 1) which has a 

P'°^<^ a P«»*"« chamber (35) 

between the closed end portion and the piston (33); 

lowering the casing (15) firom the reel (87) into the wdl; and pumpiqg a fluid 
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into the pressure chamber (35), which acts against the oiston to nn,h ,u 

tool (31) rel«ive t the casing (15). cau4 thi forSrh2d\ fa^^oT".!:! 

casing from the collapsed configuration into a cylindrical cLiguralion ^ ^ 

2 1 . A method according to claim 20. fiirther comprising 

opf (.3.) 

lowering the casing (15) from the reel (87) into the w^ll «nH h^^A- .u 
flattened configunttion of the casing; and '^'^ ^^'^ 

pumping a fluid down the tubing into the pressure chamlv^r n<i\ .. t, u 
.gains, the piston (33) to push the owning toolT/lT ^St le'c^\^ 
causmg the fomung head (38. 39) to grow to its nomi,!al drifting dim^sb^ oSi 
and drrft the casmg from the collapsed configuration into a cylindn^cal con^^ten 
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